The genetic variation among populations of dabbling ducks (563 samples of A. acuta, A. clypeata, A. crecca, A. querquedula, A. falcata, A. penelope, A. platyrhynchos) in the Palaearctic region (Lithuania, Chukotka, Kamchatka, Lena, Ob and Kara rivers) 
INTRODUCTION
In recent years, a diverse array of molecular genetic tools has become available for high-resolution genetic studies of population-level processes in ecosystems. Genetic markers have been employed to characterise patterns of genetic variation within and among populations, and to examine the processes of dispersal and the patterns of mating that influence levels of genetic differentiation in ecosystems (Nevo et al., 1984 , Parker et al., 1998 . To achieve these aims in waterfowl species various techniques have been used: protein polymorphism (Kuznetsov et al., 1995 (Kuznetsov et al., , 1998 Rhodes et al., 1996; Sruoga et al., 1998; , microsatellite polymorphism (McCracken et al., 2001; Williams et al., 2002; Slavenaite et al., 2004; Sruoga et al., 2005; Ahmadi et al., 2007) , RAPD (Kulikova et al., 2003) , mtDNA haplotypes (Scribner et al., 2001; Pearce et al., 2004; Kulikova et al., 2005) , genetic maps (Huand et al., 2006) , and MHC genes (Xia et al., 2004) . These studies have contributed an evolutionary dimension to our understanding of contemporary ecological processes and the role of various organisms in ecosystems. Genetic variability is considered an essential prerequisite for adaptation to changing environmental conditions (Soulé, 1986) .
It is important to understand the patterns of migration among wintering and breeding grounds, and survival and reproductively success of dabbling ducks (Doherty et al., 2002; Blums and Clark, 2004; Drever and Clark, 2007) . Philopatry is characteristic of several bird species (Evrard 1990; Robertson 1999; Cooke et al., 2000; Iverson et al., 2004) . Genetic information helps to understand the extent of philopatry in dabbling ducks and within migratory families and different species. On the basis of ringing recoveries (Scott and Rose 1996) , dabbling ducks have been divided into different populations, but no discrete populations are identifiable.
Dabbling ducks are widespread worldwide. Species of the genus Anas display long-distance dispersal (Johnson and Sorenson, 1999) and it has been suggested that superior dispersal ability in birds results in different biogeographical patterns compared with those commonly observed for other organisms (Chesser and Zink, 1994) . The wide distribution of dabbling ducks shows that dispersal-driven speciation has been common in this group of birds (Chesser and Zink, 1994; Ronquist, 1997) . To fully interpret the biogeographical pattern of dabbling ducks, it is important to place species distributions in a phylogenetic context based on genetic research.
New genes appear in populations of dabbling ducks not only by paring between different sub-populations, but also due to hybrids. Williams and colleagues (2004) noted that Mottled ducks and Mallard populations exhibited hybridisation rates ranging from zero to 24% in different areas of Florida. Compared with other dabbling ducks, Mallards shows the biggest rate of hybridisation with other closely related species (McCracken et al., 2001; Kulikova et al., 2005) .
The aim of this study was to examine and evaluate the temporal and spatial genetic variability of different populations of dabbling ducks Anas and to determine the level of fragmentation in Lithuanian Mallard species. Figure 1 .
MATERIALS AND METHODS
Blood sampling (about 5 ml of blood) was made by wing vein puncture into test tubes with heparin. After shooting, blood was taken immediately from bird heart. Samples were centrifuged at room temperature for 15 min at 6,000 g. The plasma was separated and stored in a fridge at 20 o C below zero until use.
In total fifteen loci of enzyme and plasma proteins were separated electrophoretically: lactate dehydrogenase (LDH, 1. 1. Show and Prasad (1970) with few modifications as described earlier Sruoga, 1993, Sruoga et al., 1999) . Allelic variants were resolved by direct side-by-side comparison of migrating allozymes on the same gels. Indistinct polymorphic loci were not included in further analysis. Temporal and spatial population differences of dabbling ducks have been described in time and space by standard measures using BIOSYS-2 (Swofford et al., 1997) . Genetic variability parameters-frequency of allele, of genotype, significance test using exact probabilities for deviation of genotype frequencies from Hardy-Weinberg expectations, the percentage of polymorphic loci (P) (a locus was considered to be polymorphic if the frequency of the most common allele did not exceed 0.95), the mean number of alleles per locus (A) and average heterozygosities (H o -observed, H e -expected), were calculated for each geographical sample. Relative genetic distance and similarity between populations and species were quantified according to Roger's modified distance (Wright, 1978) . Ob, 1986, and Kamchatka, 1988) and even in six populations of Mallard from Lithuania (from Antanavas 1980 , 1983 , 1985 , 1986 , 1987 and from Zuvintas 1984 . The alleles Trf E and Trf D were not found in all Northern Shoveler and Falcated duck populations (Kama 1981 , 1988 , and Ob 1984 , 1986 and one Mallard population (Nemunas delta 1998, Lithuania). The gene frequencies at polymorphic loci in the population of studied dabbling ducks from Siberia and Lithuania are shown in Tables 2 and 3. (Wright, 1978) to show the genetic relationship among the Mallard populations studied in Lithuania (Figure 2 ). Fig.1 and Table 1 . Fig. 2 . Distance-based cluster analysis of Lithuanian Mallard populations from different localities. Modified Roger's distance were used. For acronyms see Table 1 .
RESULTS

Pra
DISCUSSION
There is a great range in geographical regions and habitats used by different biogeographical populations of the ducks. The concept of "geographical population" was elaborated for migratory populations of birds by Isakov (1967) and modified by Atkinson-Wiles et al. (1982) as a "biogeographical population", which comprises a discrete population unit with a specific flyway, linking the breeding, moulting and wintering grounds. Such a distributing range of populations spatially and temporally may be the outcome of alteration in wetland ecosystems.
Very different environmental conditions are characteristic for the biogeographical populations of dabbling ducks in the Palaearctic. The distribution range of the Northwest Europe population generally coincides with a maritime climate on vast plains usually located not far from the coast of Atlantic and Arctic Oceans, in European tundra, boreal and temperate zones. The Eastern-Central Europe/Mediterranean region population is mainly located within a continental climate in the temperate and Mediterranean zones of Europe and in the sub-tropical zone of North-West Africa. The distribution range of the SE Europe/SW Asia/East Africa population generally coincides with the steppe zone of Europe/SW Asia and savannah region in East Africa. Thus, the genetic differentiation between the biographical populations can be caused by the ecological and geographical isolation. Natural selection can be an important factor, as different populations of dabbling ducks breed, migrate and winter in very different habitats. (1982) and recently by Scott and Rose (1996) .
Our data shows that the dabbling duck species examined form no discrete populations, as dabbling ducks show low philopatric compared with other waterbirds (Robertson and Gregory, 1999) , and due to large local migration in the breeding grounds (Doherty et al., 2002) . The genetic variability of dabbling ducks is also raised by yearly change of breeding pairs (Lossito and Baltassarre, 1996) .
The data obtained for Lithuanian Mallards confirmed genetic differences among the populations studied (Fig. 2) . Cluster analysis showed that individuals sampled from the same place (Antanavas) for nine years did not form a discrete population, and furthermore mixed with Mallards from more distant Lithuania sites (Panevezys, Nemunas delta, Zuvintas). The gene frequency data confirms differences among Antanavas breeding populations studied annually from 1980 to 1989: allele Alb-1 C was detected only in the ANT81 population, Pra-2 B not found only in ANT82, Pra-2 C -not founded in ANT81 and ANT82 populations, Trf-1 E -not founded in ANT81, ANT82, ANT84, and ANT89 populations (Table 3) . The results strongly support the hypothesis that dabbling ducks are not philopatric, exhibit large local migration, and show low fidelity to breeding grounds.
All Siberia populations of species examined also differed considerably in a temporal and spatial context (Table 4) . Best it could be revealed for Northern Pintail species: OB84 population was more similar to the Kamchatka population (KAM88) than to populations from the Ob river in 1986 and Kara river in 1985. These results are not very surprising. Four migratory ways cross the Ob and Kara rivers breeding grounds (Scott and Rose, 1996) which can explain the large genetic variability. Regarding the Kamchatka population it appears that the OB84 population was most likely a Middle Asia flyway migrant, rather than European/African, and inhabited Kamchatka in wintering grounds. The genetic data for other Siberian dabbling ducks shows no discrete populations. All three investigated populations of Garganey were genetically different; two Eurasian Wigeon groups from the Ob River formed different populations, but their genetic structure was similar to the Lena river group. Only genetic data of the Northern Shoveler corresponds to ornithological data (Scott and Rose, 1996) : Ob River and Kamchatka populations migrate by different flyways; the group from Ob River in 1984 and 1986 had similar genetic structure and formed one population, while the group from Kamchatka differed genetically. Geographic and adaptive variation in different populations of waterbirds is closely associated with the environmental conditions in the different regions of Palaearctic.
